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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a compound 
whose electric, optical or semiconductive characteris- 
tics or combined characteristics are modified by intro- 
ducing an atom C into vacant lattice points of a crystal 
represented by the general formula A^By {wherein A is 
cation and B is anion) while controlling position and/or 
concentration. 

[0002] In this specification, the term of vacant lattice 
point does not indicate a random lattice defect observed 
in a periodica! lattice, namely, a lattice defect which 
means that there Is no atom at the point where there is 
an atom at the ordinary condition, but indicates the 
group of crystals which has periodic lattice unit including 
vacant lattice point satisfying the translational symm- 
etricity. That is, the term of vacant lattice point indicates 
a lattice point which is originally constitute unit cell but 
absent of atom (vacant) and satisfy the translational 
symmetrlcity, to which a introducing atom introduced so 
as to fill a vacant lattice point and constitute scandium 
oxide structure periodicity. And in the present Invention, 
the introduction of atom C is called as a vacant lattice 
filling type introducing. 

BACKGROUND OF THE INVENTION 

[0003] In general, a crystalline compound represent- 
ed by a stoichiometric ratio A^By, for Instance 10203 
crystalline compound is an Insulator having broad band 
gap. The technique to Improve the electric conductivity 
of said crystalline compound to the level of metal by in- 
troducing an atom which substitute trivalence In and be- 
comes quaternary valence (so called donor type atom) 
atom such as Sn is proposed. 

[0004] A thin film of ln203 has high transmissibility to 
the visible rays and has a specific feature to reflect the 
ray of wave length from near infra red to infra red, there- 
fore, based on said specific feature, it is used as a trans- 
parent electrode of a liquid crystal display or a thin film 
solar battery. 

[0005] However the endowment of specific feature by 
said introducing is considered to be caused by Sn^ 
which is substituted and solid solved at an In^^ sub lat- 
tice point or an oxide vacant hole acts as a donor, how- 
ever, is not made clear yet theoretically in detail. There- 
fore, the theoretical clarification for reappearance or sta- 
bility of it is very difficult. This difficulty is originated from 
the fact that, for example, the crystalline structure of 
\n2O2 crystal is complicated {a structure as shown in Fig. 
9 (b), eight octants of (l)-(l!l) are arranging, and (a) 
shows a case that three units are arranging), and further 
originated by the fact that the numbers of atom con- 
tained in an unit structure is so many, therefore these 
atoms are becoming to be related with introducing. 
[0006] Accordingly, for designing of the substance, 



the inventors of the present invention have reached to 
the conclusion that the development of a method to ob- 
tain a compound having a desired feature by introducing 
an atom or ion into crystal structure of a crystalline com- 

5 pound of above mentioned stoichiometric ratio fornia- 
tion with good reproductivity and stability by controlling 
position and/or concentration is very important. For ex- 
ample, the development of a method to introduce mono- 
valence or divalence ions such as Li-^ or Cu^^ into IngOs 

10 crystal Is very important. 

[0007] Therefore, the object of the present invention 
is to provide a compound prepared by introducing an 
atom or an ion of said atom into a crystal whose stoichi- 
ometric ratio formation is represented by the general for- 

15 mula of A^By (wherein, A is cation and B is anion) by 
controlling position and/or concentration. In the other 
words, the object of the present invention is to develop 
a method to introduce an atom or an ion of said atom 
into a crystal whose stoichiometric ratio formation is rep- 

20 resented by the general formula of AxBy by controlling 
position and/or concentration. 

[0008] The inventors of the present invention, have 
accomplished the present invention by dissolving the 
above-mentioned problems. That is, the vacant lattice 
25 points can be illustrated as follows. For example, IngOa 
possessing SC2O3 type crystalline lattice structure pos- 
sesses originally lattice points of 8a, 8b. 16b, 24d and 
480 indicated by Wyckoff indication, and among these 
lattice points, the lattice points occupied by an atom are 
30 8b, 24d (both are In) and 48e (oxygen), while, the lattice 
points of 8a and 16c are not occupied by atom (vacant 
lattice point). In the structure of lattice which satisfies 
stoichiometric ratio formation and translational symm- 
tricity, the lattice point which is not originally occupied 
35 by an atom is called as a vacant lattice point. This vacant 
lattice point is different from the crystal lattice defect 
characterized as the lack of an atom at the point where 
an atom exists (this is an introductionai subject which 
can not realize the stoichiometric ratio formation). By es- 
40 tablishing a method to introduce an atom to said vacant 
lattice point, the present invention is accomplished. For 
example, the compound which has desired characteris- 
tics can be designed by introducing a typical metal ele- 
ment Li or a transition metal element Cu to In203 crystal 
45 so as to provide varistor characteristic or magnetic char- 
acteristic based on a transition metal or by selection an 
atom to be introduced. Further, the example to improve 
the electron conductivity by introducing hydrogen atom 
to the vacant lattice point of ZnO can be mentioned. 
50 When an atom having radius r is Introduced to the va- 
cant lattice point of various crystalline compounds rep- 
resented by the general f onnula A^By and forms a close- 
packed structure, the maximum radius of an octahedral 
hole or atetrahedral hole becomes respectively 0.4r and 
55 o.2r. An atom species which provides desired electronic 
characreristic should have atom radius within the limit 
restricted by geometrical condition of crystalline struc- 
ture of the subjected compound. That is, when the varis- 
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tor characteristic is desired, s electrons having ionic 
bond feature should be selected, while, when the excel- 
lent electron conductivity is desired, d electrons having 
covaient bond feature should be selected. The atom 
which can provide the desired characteristic to the var- 5 
ious mother crystal by being introduced into the vacant 
lattice point of said mother crystal is selected previously, 
namely, the energy band electron structure when the at- 
om is filled into vacant lattice point of the mother crystal 
is calculated. And the compound having desired feature io 
which will be obtained by the actual introducing based 
on said calculation is designed and prepared. For the 
calculation of energy band electronic structure, techni- 
cal skills such as the first-principle band calculation, the 
tight bonding approximation band calculation method or is 
the cluster electronic structure calculation method are 
used at need. 

[0009] The idea of this invention which obtain a com- 
pound having desired characteristic by introducing an 
expected atom to a vacant lattice point (vacant lattice 20 
point designed so as to generate novel characteristic) 
of the crystalline compound represented by above men- 
tioned general formula is a quite new idea. 
[0010] Therefore, as mentioned above, for the pur- 
pose to distinguish from the conventional substitutional 25 
type, the dopant introducing method of the present in- 
vention is named as an introducing type. 



DISCLOSURE OF THE INVENTION 
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[0011] The present invention is a compound compris- 
ing a crystalline compound represented by general for- 
mula A^By (wherein, A Is cation and B is anion, and x 
and y satisfy an electrically neutral stoichiometric ratio) 
into the vacant lattice point of which an atom Cz is in- 35 
troduced (C is an atom capable of forming an ion which 
has an arbitrary valance and is introduced into a vacant 
lattice point of the compound A^By crystal, and 2 Is a 
number from zero to the number corresponding to the 
concentration of vacant lattice points in A^^By). Desirably, 40 
the present invention is the above mentioned com- 
pound, wherein A^By is In203, C is at least one element 
selected from the group consisted of H, Li, Na, K, Rb, 
Cs, Cu, Ag, Be, Mg. Ca, Zn, Cd, Hg, B, Al, Sc, Ga, Y. Tl,' 
Ge, Zr, Pb. P. V, As, Nb. Sb. 8 Cr, Se, Mo. Te. VV. F. 45 
CI, Mn, Br L Re. Fe. Co, Ni, Ru. Os. Ir, PtandTb. More 
desirably, the present invention is the above mentioned 
compound, characterizing the dependency of electric 
resistance ratio to the electric field intensity and the 
magnetic characteristic are improved by introducing an so 
alkali metal element such as LI or an transition metal 
element such as Cu which forms a shallow level or a 
deep level as a dopant. Furthermore desirably, the 
present invention is the above-mentioned compound, 
wherein, A^By is IngOa or ZnO and C is Li, Cu or H. ' 55 



BRIEF ILLUSTRATION OF DRAWINGS 
[0012] 

Flg.1, from (a) to (d) are the secondary electron 
(Scanning Electron Microscope: SEM) pictures of 
particles of IngOgiLix [x=0(a), 0.2(b), 0,5 (c), 1 .0(d)], 
which indicate change of particle diameter along 
with the increase of amount of LI introduction and 
(e) of x=0.2 indicates the state of growing of octa- 
hedron of particle. Scale of pictures are shown be- 
low each pictures. 

Fig.2 shows X-ray refraction patterns referring to 
ln203:Lij, (x-O, 0.2, 0.5. 1.0). 
Fig.3 shows the lattice constant of each specimens 
measured from plane lattice spacing. 
Fig.4 shows the optical-absorption characteristics 
by diffuse reflectance spectrum of IngOaiLix [x=0 
(a). 0.2(b), 1 .0(c)], wherein, ae means photo ab- 
sorption edge (corresponding to band gap). 
Flg.5 shows the relationship between introducing 
amount and absorption edge. 
Fig. 6 shows the point of introducing type dopant in 
crystal and the corresponding electronic band 
structure. 0 is the total density of state (DOS) 
IngOa perfect-crystal, © is a case when one Li Is 
Introduced into one 8a point and® is a case when 
Li are introduced into two 8a point. And® indicates 
total DOS of IngOg crystal and partial state density 
of Li 2s orbital of a case of 3 coordination when Li 
is introduced to two 16c points. Further® indicate 
total DOS of InaOg crystal and partial DOS of Li 2s 
orbital of a case of 6 coordination when Li is intro- 
duced into two 16c points. 

Fig.7 shows In 3d (I), 0 Is (II) inner-shell spectra of 
IngOgrLI,, [x=0(a), 0.2(b), 1 .0(c)]. 
Fig.8 shows the valence electron spectra of In203: 
□x [x-0{a), 0.2(b), 1.0(c)]. 

Fig. 9 shows the crystalline structure of the com- 
pound fonned by the compound characterizing 
whose space group of IngOg crystal is I a3 and the 
crystal unit lattice of C-rare earth type structure is 
composed of the combination of unit lattice of 8 
fluorite structures that lacks of an oxide ion. From 
(I) to (III) are octant and (a) indicates atom alone of 
said 3 octants. The circular mark O with oblique line 
(with shadow) is 8a point which indicates the intro- 
duction point of an atom or an Ion of said atom. 
Fig. 10 indicates the relationship between electric 
conductivity and annealing time in Ho at 200^*0 of 
specimens whose introducing amount are different 
[dosing amount:, 1 x 10i7/cm2(A), 1 x lO^^/cm^ 
(B), 1 X IQis/cmS (C)J. 

Fig, 11 shows the secondary ion quantitative anal- 
ysis results of the concentration distribution to the 
depth direction of the maximum dose amount film 
afterannealedfor4hours (standarized by ^H'P'^Zn). 
Fig. 12 shows the distribution to the depth direction 
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of the poured hydrogen atom into ZnO film calculat- 
ed by assuming random collision of particles (DR Is 
a damaged region, DED is a distribution of damage 
energy, PRD is a distribution of irradiation region 
and IR is a pouring region). 

Fig. 1 3 shows the crystalline structure of ingOg [most 
closed six oxygen atoms (Li-O 2.23A)] to the 8a 
point of which, one LI ( t ) Is Introduced (0. 0, 0). 
Fig. 1 4 shows the crystalline structure of I n203 [most 
closed six oxygen atoms (Ll-O 2.23A)] to the 8a 
point of which, two Li (T) are Introduced (0, 0, 0, 1/2, 
1/2, 1/2). 

Fig.1 5 shows the crystalline structure of In203 [most 
closed three Oxygen atoms (Li-O 2.07A), most 
closed three In atoms (Ll-!n 2.31 A)] to the 1 6c point 
of which, two Li ( T ) are introduced (x, x, x. 1/2+X: 
1/2-x, X). 

Fig. 16 indicates X ray diffraction patterns referring 

to InsOsrCu^ [x=0. 0.2, 0.5. 0.8, 1.0 (CuO)]. 
Fig.1 7 indicates optical adsorption spectra referring 
to IngOa-.Cu^ [x=0, 0.2, 0.6, 0.8, 1.0 (CuO)]. 
Fig.1 8 indicates valence band electron spectra re- 
ferring to IngOgiCu^ [x=0, 0.5 (CuO)]. 
Fig.1 9 indicates magnetic suceptlbility-^ and de- 
pendence on the temperature (K) of ln2O3:CUx[x=0, 
0.5, 1 .0 (CuO)]. and displays the magnetization fea- 
ture having Neei temperature at the temperature 
nearby 28K. 

THE BEST EMBODIMENT TO CARRY OUT THE 
INVENTION 

[0013] The compound of the present invention will be 
readily illustrated according to the following description. 

1. The crystalline structure of In203 and introducing of 
an atom or an ion into vacant lattice point of said 
crystalline structure. 

[0014] The crystal type of IngOa is belonging to the 
Scandium oxide type. 

[0015] The points occupied by atoms which compose 
crystal are shown in Fig. 9. 8a and 16c of IngOg are the 
vacant points [for example, In Fig. 9, 8a points are indi- 
cated by big circle mark of O with oblique line (with shad- 
ow)]. To these points various kinds of atom or ion of said 
atom, for example Li+ ion or Cu2+ ion having smaller ion 
radius than Li-»- Ion, can be Introduced into with control- 
ling position and concentration. In comparison with com- 
plete crystal, It become clear that the energy gap be- 
tween valence electron band and electric conductive 
band reduces by the introduction of LI into either vacant 
points of ln203. Further it is confimied that the com- 
pounds to which such kinds of ion are introduced have 
a varistor characteristic. While, it is confimied that by 
introducing Cu, magnetic characteristic showing volun- 
tarily magnetization is generated. 



EXAMPLES 
[Example 1 ] 

5 [0016] Synthesis InaOatLij, (x=0-1 .0) compound, and 
the investigate the effect of Li introduction to In203. 

1 . Synthesis of above mentioned compound 

10 [0017] IngCla is dissolved into distilled water, intro- 
duce Li+ (introduced as LiCI compound) so as molar ra- 
tio to be [Li]/[ln2O3]-0-1 .0 and stin-ed for 24hours. After 
drying the solution, the obtained product is baked for 
one hour at 900*»C under the constant supply of oxygen 

15 gas. 

[0018] The obtained powder product is observed by 
a scanning electron microscope (SEM), and the identi- 
fication of the generation phase and the determination 
of lattice constant is carried out by an X-ray diffraction 
20 method. 

[0019] The lattice constant of IngOa cubic lattice is in- 
creased from 1 0.1 1 eA to 1 0.1 63A (Flg.3), and the ener- 
gy of photo absorbing edge is decreased from 2.72eV 
to 2.68eV (Fig.4). 

25 [0020] In the region of from x=0.5 to x=1 ,0, the lattice 
constant and the photo absorbing energy are constant 
(respectively, 10.163A and 2.68eV). 
[0021] According to the strong coupling approxima- 
tion energy band calculation It becomes clear that the 

30 energy gap between valence electron band and electric 
conductive band reduces 0.2-1. leV by introduction of 
LI into 8a and 16c vacant points (refer Figs 1 3 to 1 5) of 
IngOg crystal In comparison with a complete crystal (Fig. 
6). 

35 [0022] This fact indicates the reduction of the optical 

gap by Introduction of Li. No change is observed in the 
inner shell electron restricting energy of IngOaiLIx (X=0, 
0.2, 1.0). However, increasing of spectrum Incidence 
covering wholly valence electron band range is recog- 
40 nized along with the increasing of Introducing amount of 
Li, and the increasing is well coincided with the result of 
band calculation in a case when two Lis are introduced 
into vacant points of 8a or 16c (Figs.14 and 15). 
[0023] The SEM observation images of ln203:Lix [x=0 
45 (a). 0.2(b), 0.5(c) and 1 .0(d)] are shown from Flg.l(a) to 
Fig.1 (d). In a case of X=0, fine particles having approx- 
imately 0.8 \m diameter are put together like a chain 
and from a wholly view point, these particles are distrib- 
uted without orientation. In a case of X=0.2, mixed par- 
se? tides of large diameter of approximately 1 .5 |xm and fine 
particles are observed. In a case of X is larger than 0,5, 
the particle diameter increased to 2 to 3 [im. and the 
shape of the particle is octahedron. The increasing of 
particle diameter along with the increase of Li introduc- 
es ing amount indicates that Li promotes the growth of par- 
ticle. 

[0024] In Fig. 1 (e), the growing process of octahedron 
Is observed: and it Is clearly understood from the picture 
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that the fine particles are bonding together and forming 
octahedron. LI forms fusing layer on the surface and 
acts as the adhesive to combine particles so as the 
growth of particle proceed. 

Crystalline Structure 

[0025] X-ray diffraction patterns referring to InsOa:^^ 
{x=0, 0.2, 0.5, 1:0) are shown in Fi9.2. Along with the 
increase of x value, the diffraction peak is tending to shift 
to lower angle, and indicates that the plane lattice spac- 
ing expands by introduction of Li. 
[0026] Also in a case of x=1 .0, a new pealc Is not ob- 
served, and a different phase belonging to LIgO or 
Liln02 Is not detected and only diffraction peak belong- 
ing to IngOQ is observed. 

[0027] In Flg.3. the lattice constant of each specimen 
calculated from the plane lattice spacing are shown. The 
latticeconstanta=10.116Aof IngOarLIx (x=:0) Is coincid- 
ed with that of IngOg [a=10.117 A iM.Marezio, Acta 
Crystaltogr, 20,723(1966)] within an error in the com- 
putation. As far as x=0.3, lattice constant a increases 
linearly according to the Increase of amount of Li intro- 
duction, and has a tendency to obey Vegard' sLaw (the 
difference between lattice constant of solid solution, for 
example, !n203:Li and lattice constant of solvent, for ex- 
ample, when ln203 is pure is in proportion to the con- 
centration of solute atom (Li).). 

[0028] The space group of In203 crystal is Ia3. and a 
cubic unit lattice of C-rare earth type structure is com- 
posed of the combination of 8 unit lattices of fluorite 
structure from which an oxide ion is lacking (referto Fig. 
9). In a case of C-rare earth type structure, 8b point and 
24d point are occupied by In and 48e point is occupied 
by O, further, 8a and 16c points are vacant. The ion ra- 
dius of Ll-^ is 0.90 A and is very closed to the ion radius 
of ln2+:0.94 A. Therefore, it is considered that Li Is 
present in Ba or 16c point, and this prediction can be 
supported by the fact that the limit of solid solution of Li 
to In203 is nearby x=0.6. When Li+ is introduced into 8a 
or 16c point, a surplus repulsing energy among cations 
generates with ln^+ having face-centered cubic arrange- 
ment and consequently the lattice constant extends. 
[0029] When the amount of LI introduction is larger 
than 0.5, the lattice constant is saturated, therefore, it is 
considered that Li exists not only In a lattice but also In 
particles. 

Optical characteristics 

[Q030] The diffuse reflectance spectrums of IngOaiLix 
(x=0, 0.2, 1 .0) are shown in Fig.4. The absorption edge 
of each specimen is approximately 2.7e\/, and the ap- 
pearance Is yellowish. This is caused by indirect transi- 
tion among H point and ^ point and this value Is corre- ^ 
spending to the experimental results by Weiheret al. As 
shown in Fig.6, the absorption edge is red shifted ac- 
cording to the Increase of amount of introduction and 



saturated at over than x=0.5. 

[0031] Further the inclination of absorption spectrum 
Increased along with the introduction of Li. The reason 
why is considered to be concerned with the reduction of 
5 energy difference and the increase of density among 
states referring to the indirect transition. 

Band calculation 

^0 [0032] The calculation of energy band Is carried out 
by introducing Li Into Ba or 1 6c point and only consider- 
ing the closest mutual effect. The electron state density 
of InaOg complete crystal is shown in Fig.6 (T) , the full 
state density of IngOgcrystal to every points of which Li 
IS are introduced and partial state density of U2s orbit are 
shown from Fig.6(2) to Fig.e© . For the preparation of 
each state density curves, Gauss function which has a 
half width of 0.2eV Is used. In a case of IhqOq complete 
crystal, InSs orbit forms the lower end of electric con- 
^0 ductive band and 02p orbit forms the upper end of va- 
lence electron band. When Li Is introduced Into one 
point of 8a point (Fig. 13). and into two points of 8a, a 
state density generates at the lower end of electric con- 
ductive band or valence electron band as shown in Fig. 
25 6® and in Fig.6 (D , which can not be observed in a 
case of complete crystal. When one LI is introduced, a 
new state density originated to Li2s antibonding orbital 
is formed at the lower end of the electric conductive 
band. And when two LI are Introduced, a new state den- 
30 sity appears covering whole field of valence electron 
band from the upper end of valence electron band. Fig. 
6(3) andFig.e© showthestatedensity of ^303, when 
two LI are introduced Into 16c point, and almost same 
tendency can be observed to the case when two Li are 
35 introduced into 8a point. When two Li are introduced into 
16c point, compared with the case of coordination 
number is 3(Li-0) (d), the case of 6[(LI-0) x 3, (Ll-ln) x 
3] (e), a new large state density is fomned at the lower 
end of electric conductive band and the remarkable 
40 change can be observed at alt state density. 

[0033] The crystalline structure corresponding from 
© to© are shown in Figs. 13 to 15. If the energy dif- 
ference between * and of (g) is smaller than 
50meV, dopantforms shallow rank, the valence electron 
^5 band level and the bottom of electric conductive band 
are overiapped, then an electric charge carrier is insert- 
ed Into vacant electric conductive band and indicates 
high electric conductivity. By containing second and 
third mutual action, the energy gap value becomes clos- 
^0 er to that of experimental result. Both in cases of 8a point 
and 1 6c point, by the introduction of Li, the state density 
which cannot be observed in the case of complete crys- 
tal generates at the lower end of electric conductive 
band or at the valence electron band and Indicates the 
'*5 tendency that the energy gap Is reduced. This tendency 
Indicates the reduction of energy gap by the introduction 
of Li. From the comparison of partial state density, It be- 
comes clear that said tendency is caused by In-Li, 
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nameiy, metal-metal mutual action rather than by Ll-O 
mutual action. In this case, the energy difference be- 
tween donor level fonned by dopant and the electric 
conductive band is 1 .5eV. 

X-ray photo-electron spectrum 

[0034] The In 3d, O 1 s inner shell spectra of \n20Q±\^ 
(x=0. 0.2, 1 .0) are shown in Fig. 7. Notwithstanding the 
increase of introducing amount of Li, the remarkable 
change of bound energy of In3d electron and Ols elec- 
tron were not obsen/ed. The valence electron band 
spectrums of \n20^±\^ (x=0, 0.2, 1 .0) are shown In Fig. 
8. Along with the Increase of introducing amount of Li, 
the spectrum intensity from about 1 .0 to 8.5eV is en- 
larged. This fact is coincided with the band calculation 
result carried out by Introducing two Li into 8a point or 
16c vacant point (Fig. 14, Fig..15). 



Preparation of unifomri thin film 

[0035] iHaOg crystal prepared by carrying out intro- 
ducing type introducing as mentioned above is used as 
a target, and a thin film of said crystalline composition 
is formed on the substrate of silica glass by laser abra- 
sion method. The voltage/current characteristic of the 
obtained thin film Is measured, and it is confimned that 
said thin film indicates varistor characteristic. 
[0036] While, the thin film of said crystal can be pre- 
pared by conventional methods used for the formation 
of ItigOa thin film such as high frequency sputtering 
method, ion beam depositing method, electron beam 
evaporation method using an alloy of dopant specie and 
In as a starting material, resistance heating evaporation 
method and chemical vapor depositing (CVD) method 
using dopant specie, lower boiling point metal organic 
compound or halogenated compound of In as a starting 
material. Further, spin coat method using starting mate- 
rial by sol-gel method, dipping methodthat uses starting 
material mixed with organic compound having adequate 
viscosity, doctor blade method or printing method, which 
are the forming method of film not using vacuum, can 
be used. 

[Example 2] 

[0037] As the introducing component, Cu whose ion 
radius is smaller than that of Li of Example 1 is used, 
and the Introducing and the characteristic of obtained 
product is observed. 

[0038] From the X-ray diffraction pattern (Flg.1 6), the 

change of lattice constant is not observed. 
[0039] Fromthe adsorption spectrum (Fig. 18), It is ob- 
served that the absorption edge and absorption peak 
are sifted to lower energy side. From the fact, introduc- 
ing of Cu to in203 is confimrjed. 

[0040] The change of photo absorption spectrum re- 
flects the change of state density classification at va- 



lence electron band and electric conductive band. 
[0041] The temperature dependency of magnetizing 
rate by Introducing of Cu, which is a transition metal is 
investigated. And it become clear that at x=0.5. by intro- 
5 diiction of Cu, indicates antlferromagnetizm having Neel 
point at the temperature nearby 28K. 

[Example 3] 

10 [0042] The effect of H introduction to ZnO is investi- 
gated. 

1 . Synthesis of thin film of above mentioned compound 
and introduction of H. 

15 

[0043] Since ZnO has hexagonal wurtzite type crys- 
talline structure, one tetrahedral hole among neighbor 
tetrahedral holes Is not satisfied , and is one of the suited 
substance to reinvestigate the effect of introducing type 

20 introducing indicated in Example 1 . 

[0044] In this Example, for the purpose to clarify the 
effect of introducing type, an insulate thin film of ZnO is 
previously prepared, then H is introduced to said thin 
film by an ion implantating method, which is regularly 

25 used for the Introducing of impurity in the semiconductor 
manufacturing Industry. The improvement of the electric 
conductive rate by implanting H ion numerical density 
can be explained as the effect of Introducing of said im- 
planted H atom, which becomes to be located at above 

30 mentioned vacant point. This can be explained that be- 
cause said implanted H has the smallest radius among 
all elements and the substitution of Zn or O by H is im- 
possible. 

35 Substantial condition: 

[0045] A sintered ZnO target is used, an ZnO thin film 
of 2 |Jim thickness is deposited by an rf magnetron sput- 
tering method. 

40 [0046] For the purpose to obtain an insulate ZnO thin 
film (electric conductive rate is smaller than lO'^S/cm), 
20vol% O2 gas is introduced to Ar which is used as a 
sputtering gas. By carrying out the deposition without 
heating a substrate, the aimed insulate ZnO thin film can 

45 be obtained. The Implantation of H ion into film can be 
carried out by accelerating ion to lOOkev and collid- 
ing with the thin film so as ion to insert into Inside of 
the film. Make the amount of dose increase by increas- 
ing number of figures from 1 >< lO^Vcm^ to 1 x IQi^/ 

50 cm2 and to 1 x lo'^'^/cm^. 

[0047] The implanting of ion is carried out by main- 
taining the temperature of film at normal temperature to 
avoid the damage by irradiation which is impossible to 
restore. Further It is surely necessary to carry out an- 

55 nealing after implantation, forthe purpose to provide an 
electric activity. 

[0048] In the case of introducing type of the present 
invention, the sufficient low specific resistance can be 
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accomplished by lower temperature annealing at 200**C 
in stead of annealing at the temperature of 400^*0, which 
is necessary temperature condition for the conventional 
substitution type annealing. The reason why Is illustrat- 
ed as follows. That Is, because a dopant exists at the 5 
interstitial point, and in the case of introducing type, the 
sufficient effect can be accomplished by smaller activa- 
tion energy. 

[0049] As shown in Fig. 1 0, the electric conductivity is 
remarkably Improved by Introducing larger than 1 x io 
lOie/cm^ and by the dosing amount of 1 x IQi^/cm^, 
the ten figures improvement of electric conductivity, 
namely the Improvement from 1 x 10-7's/cm to 1 x 
lO^S/cm is observed. The carrier density measured at 
the same time is 1 x 102Vcm3, and in comparison with is 
the numerical density of 4 x 1022/cm3 of ZnO crystal, it 
can be said that the introducing of 1 0% higher concen- 
tration is realized. 

[0050] It is considered that this high activated rate is 
caused by the phenomenon mentioned below. That is, 20 
H which is Introduced into Interstitial point fomns falsely 
O-H bond with the closest O in ZnO crystal and acts as 
a donor, and floats In interstitial point by very small ac- 
tivating energy This can be easily understood from the 
results by secondary ion quantitative analysis to the 25 
depth direction (H concentration Is high at the surface 
and is almost flat In the film. High concentration at the 
surface maybe caused by the problem of measuring) as 
shown In Fig. 11. When theactlvatingenergyof H is high 
and has a tendency to exist at a specific part, a peak of 30 
H concentration must be recognized at the center thick- 
ness of the film. 

[0051] In the meanwhile, the thin film of said crystal 
can be prepared by conventional methods used for the 
formation of ZnO thin film such as high frequency sput- 35 
tering method, ion beam depositing method, electron 
beam evaporation method using an alloy of dopant spe- 
cie and In as a starting material, resistance heating 
evaporation method and chemical vapor depositing 
(CVD) method using dopant specie, lower boiling point 40 
metal organic compound or halogenated compound of 
In as a starting material. Further, spin coat method using 
starting material by sol-gel method, dipping method that 
uses starting materiaf mixed with organic compound 
having adequate viscosity, doctor blade method or print- 45 
ing method, which are the fonning method of film not 
using vacuum, can be used. 

[0052] As the concrete examples, the cases for \n^O^ 
crystal and ZnO crystal are shown, however, above 
mentioned method for crystal, thin film preparation can so 
be used for the introduction of an atom and the ion there- 
of Into vacant point of other crystal by slightly changing 
conditions. Further in a case which uses besides Li, Cu, 
H or ions thereof as a material for introducing, above 
mentioned methods can be applied. 55 
[0053] Further, the characteristics of obtained com- 
pounds can be changed variously by selecting the com- 
plete crystalline structure, by considering the introduc- 



tion of introducing agent by the controlled concentration 
and/or to the controlled position of said crystal or by se- 
lecting a material for introducing. 

The possibility for the Industrial use 

[0054] As mentioned above, according to the present 
invention, the excellent action and effect that the com- 
pound having desired characteristics, for example, 
varistor characteristics, antlferromagnetizm or electric 
conductivity can be stable and voluntarily provided. 



Claims 

1. A compound comprising a crystal represented by 
general fonnula A^By, wherein A Is cation and B is 
anion, and x and y satisfy an electrically neutral sto- 
ichiometric ratio, into the vacant lattice point of 
which atom Cz is Introduced, wherein C Is an atom 
capable of forming an ion which has an arbitrary val- 
ance and is introduced into a vacant lattice point of 
a crystal of compound Aj^By, and z Is a number from 
zero to the number corresponding to the concentra- 
tion of vacant lattice points In A^By. 

2. The compound according to claim 1 , wherein A^By 
is In203. G is at least one element selected from the 
group consisted of H, Li, Na, K, Rb, Cs, Cu, Ag, Be, 
Mg, Ca, Zn, Cd, Hg, B, Al, Sc, Ga, Y, Tl. Ge, Zr, Pb, 
N, P. V, As, Nb, Sb, S Or, Se, Mo, Te, W, F, CI, Mn, 
Br, I, Re, Fe, Co, Ni, Ru, Os, ir, Pt and Tb. 

3. The compound according to claim 1 , wherein A^By 
Is ZnO and C is H. 
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Fig. 11 
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